A propulsion system is designed and developed for the third generation antitank g\rided missile (A TOM). It consists of a separate: booster and sustainer. Booster is ahead of sustainer, having four nozzles canted to the missile axis. Sustainer discharges through a supersonic blast tube. Low smoke, high energy nitramine propellant for this propulsion system developed by the High Energy Materials Research Labol"atory (HEMRL), Pune, has been successfully flight-tested. The booster grain is tube-in-tube configuration with end inhibition and the sustainer grain is of end burning configuration. High strength aluminium alloy, HE-15 , is used for rocket motor components. olass-phenolic composite ablative material is used for thennal protection of motors and high density graphite is used for nozzle throats.
taken to the exit of the missile through a blast tube . Since booster is ahead of sustainer, the exhaust has to I)e .taken through four peripheral nozzles and accordingly th.:~ nozzles are canted. Booster arid su;;tajner are connected by an interstage section. Thermal batteries for powering the missile subsystems are located in the space available in the interstage (Fig. 1) . Booster bums out after imparting the required velocity to the missile and the sustainer continues for almost the full flight duration; I. INTR 000 cn ON From overall missile system considerations for a third generation antitank guided missile (A TGM), the booster thrust to sustainer thrust ratio is required to be high, more than ten. n -Ause of this high thrust ratio, a dual thrust propulsion system with a single casing and fixed nO1Zle geometry is not possible as the maximum thrust ratio for optimum design of dual thrust motor with fixed nozzle is about six. Therefore, separate booster and sustainer motors have been configured and designed at Defence Research & De. elopment Laboratory (DRDL) Hyderabad, ~eeting the performance and geometrical specifications of the system. From aerodynamic and configuration layout requirements it was required to locate the booster ahead of sustainer. The fin control system is configured at the aft section of the missile f-om considerations of effective control capability. Hence the sustainer exhaust is to be Operating chamber pressure was chosen with a view to minimising the total weight of the motor. Higher pressure improves delivered specific impulse, but increases hardware weight. An anatysis was carried out to study the effect of chamber pressure on propulsion system ,and an optimum chamber pressure was chosen. The throat diameter, cant angle and divergent angle of booster. nozzle were. optimised keeping in view the required mass flow rate and the need to minimise the diameter with the protruded nozzles, motor length and weight. 
GRAIN CONFIGURATIONS
With the state-of-art and required burn time, the web fraction for the booster was about 0.2. Different grain configurations were studied for this. The end inhibited tube-in-tube configuration was finally chosen for this web fraction from considerations of maximising cross-sectionalloading density (more than 85 per cent) and minimising the sliver (no sliver for the chosen configuration). The port-to-throat area ratio was chosen 3. SYSTEM DESIGN One of the import-ant requirements of the propulsion system was for smokeless/low smoke exhaust. it is prone to stress corrosion and so was not considered suitable. A factor of safety of 1.5 and a maximum skin temperature of 100 °C were used for the design.
IGNITER
Boron potassium nitrate composition is used for both boost~r and sustainer igniters. Since the q~antity of the igniter charge required for the free volume of the booster motor is small, the igniter is configured in ring type aluminium canister with triangular c:ross-section.
The canister is fitted to the head end gri~. There are tWo pyro housings on the head end dish which are perpendicular to the motor axis..The flash hole through whIch the pyro gases enter into the chamber for initiating the igniter is suitably inclined to the axis of the motor so that the flash of pyrocartridge impinges on the igniter canister (Fig. 2 ) .Forsustainer; a disc-type celluloid canister is bonded on to the surface of the propellant grain and the charge is filled through the charging holes. The pyrocartridges are screwed in the pyro housings on nozzie and dish end. The material for rocket motors sboulQ have high strength-to-weight ratio. Ultra high strength steels, likt maraging stetl, 06AC, 15CDV6 were not chosen because the thickntss rtquired was les!; than 0.5 mm 
Sustainer
The main components of sustainer are casing with integral head end dish, nozzle end dish and blast tube. The casing and nozzle end dish are fabricated from high strength forgings and the blast tube is fabricated from bar stock. CNC turning and precision milling processes have been employed for fabricating sustainer casing and nozzle end dish also. Fabrication methodology of the sustainer is illustrated in Fig. 6 and assembly flow charts of the sustainer are given in 
Hydraulic Proof Tesring
Both booster and sustainer motors after fabrication were hydraulically proof-tested up to proof pressure which is about 25 per cent higher than the maximum .. The main components of sustainer are casing with integral head end dish, nozzle end dish and blast tube. The casing and nozzle end dish are fabricated from high strength forgings and the blast tube is fabricated from bar stock. CNC turning and precision milling processes have been employed for fabricating sustainer casing and nozzle end dish also. Fabrication methodology of the sustainer is illustrated in Fig. 6 and assembly flow charts of the sustainer are given in Figs 7 and 8. Precision turning and milling processes have been employed for fabricating the interstage also.
'1I-e 7 .s-.IDeI" Cabricadon now ch8rt.
operating pressure. Strains were monitored at critical locations using strain gauges. Two booster and sustainer motors each were burst-tested. The burst pressure and the pattern of failure were as per the design predictions.
Anodising
After hydraulic proof-testing, all the components are being anodised as per the specification  DIN-IN-9368-2001 .6. 
Lining
Booster head end dish, sus;tainer nozzle end dish and booster nozzle divergent liners are made with glass-phenolic formaldehyde by compression moulding technique. The tubular liner is made of glass-phenolic and is wound on mandrel and cured in autoclave. A lap joint is provided between the tubular and dished end liners and these are bonded to the motors. High density and high strength graphite is used for nozzle throat inserts of booster and sustainer. At present the grids for booster are fabricated with M.S. material and they will be replaced by composite material. Efforts were made to improve the booster performance by reducing nozzle canting losses. The booster nozzle end was reconfigured and the cant angle was reduced by 5 degree without altering the nozzle exit conditions. Static tests were conducted using the modified nozzle end and about 4 per cent performance enhanrement was obtained. This was achieved without any dimensional or weight penalties.
Initially subsonic blast tube was designed, fabricated and used in the static tests of sustainer proof motor . This blast tube was chosen in view of smaller performance loss due to blast tube. The sketch of subsonic blast tube is given in Fig. 12 . The propellant processed by Slurry-Cast route contained a small percentage of aluminium powder. The aluminium oxide present in the exhaust gases was getting deposited on the nozzle throat. The consequent reduction ill the throat diameter caused the rise in pressure. This type of rise in the chamber pressure was not permissibte for the system. To avoid this, supersonic blast tube was configured. The sketch of the supersonic blast tube is shown in Fig. 13 . About 5 per cent loss in delivered specific impulse was observed with supersonic blast tube, but without any pressure rise in the chamber. With non-aluminised propellant, use of subsonic blast tube is considered feasible so that the performance loss due to blast tube can be minimised.
Reconfiguration of Booster Head End Dish and Sustainer Nozzle End Dish
Initially the booster head end dish and sustainer nol2le end dish were designed for threaded joints. The pyro housings on the dishes are required to be oriented in a particular direction during the missile integration. With threaded joints, it was not ~ossible to orient in the desired direction. Therefore the dished ends were reconfigured without threads and a retainer ring ,,,!as introduced in the place of threaded dished ends. This enabled orientation of the pyro housings on, tht: dished ends in any desired direction.
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